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MICROPROGRAM CONTROL UNITS 

INTRODUCTION 

The present invention relates to microprogram con 
trol units controlling the sequence of elementary oper 
ations within information handling systems. 
A substantial percentage of all computers built in 

recent years have utilized microprogrammed control 
units to control the operations performed by a central 
processing unit (CPU) during the execution of an in 
struction. Under control of the microprogrammed con 
trol unit, the instruction is executed by the perform 
ance of a sequence of elementary operations in a se 
quence of CPU cycles, each elementary operation 
being completed within a single CPU cycle. During 
each of these cycles, elementary operations are per 
formed under the control of a microinstruction which 
has been accessed from the control unit. Generally, 
within a single CPU cycle, more than one elementary 
operation is performed (in parallel and/or in sequence 
within the cycle). Each elementary operation is per 
formed under control of a “micro-order". A microin 
struction thus contains a plurality of micro-orders, each 
of which is performed during one CPU cycle. A se 
quence of microinstructions which execute a given 
function (for example, a software instruction) make up 
a microprogram or micro-routine. 

In most microprogrammed systems, microinstruction 
sequencing is achieved by allocating a portion of each 
microinstruction for indicating the address of the next 
microinstruction to be performed. The next address 
portion is fed, along with branching controls, to the 
address register of the control storage in order to select 
the next microinstruction to be performed. In such a 
system, if a given microninstruction is used in several 
different micro-routines, the instruction may be stored 
at several different places within a microprogram con 
trol storage. This replication is one factor which tends 
to increase the size of the control unit. 
Another factor which affects the size of the control 

unit is micro-order density. Within each microinstruc 
tion, various ?elds are allocated to speci?c types or 
classes of micro-orders. If, within a given microinstruc 
tion, then the ?eld or ?elds allocated thereto will con 
tain no information that is of substantial use to the 
system. The presence in the microprogram storage of 
?elds which, in effect, contain no information of value 
to the system also tends to increase the size of the 
control unit. 
A particular instance of decreased efficiency in a 

control store subsystem in connection with the above 
cited aspects concerning addressing and branching is 
realized when a new sequence of microinstructions 
must be initiated in response to a new system instruc 
tion. During the execution of a particular system in 
struction, a number of conditions may have to be ful 
?lled before execution of the next system instruction 
can be initiated. At the conclusion of a microprogram, 
a particular microinstruction must be decoded to indi 
cate that the execution of the present system instruc 
tion is completed before the operation code of the next 
instruction can be examined and used to control the 
start of the next microinstruction sequence. This re 
quires one complete system cycle to make this determi 
nation and the particular microinstruction indicating 
the end of the operation (EOP) does very little addi 
tional effective work. 
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2 
In addition to effectively losing a machine cycle for 

the purpose of determining whether or not an opera 
tion has been completed on a particular system instruc 
tion, additional inef?ciency is realized at the time the 
operation code of the next instruction to be executed is 
analyzed. In prior systems, at least a portion of the 
operation code (OP CODE) is utilized to form the 
address of the ?rst microinstruction of the sequence 
required to perform the system instruction. When uti 
lizing this technique, a number of binary bit positions 
must be set aside in each microinstruction to be effec 
tive only for analyzing the OP CODE to provide the 
ability to perform a 64-way branch. These binary bit 
positions in all other microinstructions are, in effect, 
wasted. 
A general discussion relating to the method of imple 

menting a microprogram control storage can be found 
in an article entitled “Microprogram Control For Sys 
tem/360" by S. G. Tucker, found in the IBM Systems 
Journal, Vol. 6, No. 4, 1967, pages 222-241 (IBM is a 
Registered Trade Mark). This article is herewith incor 
porated by this reference for its showing of the methods 
of control store addressing, division of microinstruc 
tions into various ?elds, and methods of decoding and 
branch decision making. 

in order to reduce the microinstruction word length, 
decoding circuitry is used which, in effect, recognizes a 
particular signal pattern (part of a microinstruction) 
and automatically generates a larger signal pattern (the 
expanded or full set of control signals required by the 
processing elements of the processor). Such decoding 
circuitry would have to be altered or replaced each 
time any instruction is altered in such a way that a new 
control signal pattern is required. This means that, 
once de?ned, there is a high cost overhead involved in 
updating the microinstruction set. 

SUMMARY OF THE INVENTION 

With ‘these drawbacks in mind, the present invention 
provides a microprogram control unit comprising a 
microprogram store and an interactive processor pro 
cessing the microinstructions issued by the micropro 
gram store to generate expanded system control signals 
directly, at least some of the processing elements of the 
interactive processor producing control signals related 
to only a particular processing subfunction. 
The processing elements of the interactive multipro 

cessor may comprise stores, the addressing mechanism 
of which are responsive to the output of the micropro 
gram store and self-generated control signals. 
One advantage of such an arrangement will become 

clear when one realizes that, at any one point in a mi 
croinstruction cycle, many, if not most, of the process 
ing elements are idle. In conventional arrangements, a 
processing element only requires a control signal when 
that processing element is required to be active, this 
applying equally to the processing elements of the pro 
cessor as to the processing elements of the interactive 
processor. It follows that appropriate association of 
processing elements of the interactive processor with 
processing elements of the processor can eliminate 
most of the blank spaces required in the microprogram 
stores of the prior art. The need for decoding circuitry 
for expanding all control signals produced by the con 
trol unit is also eliminated. 
Further, relative to the decoding circuitry of the prior 

art, the presently proposed system can be altered, 
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vithin certain limits, by writing fresh data into the 
nteractive processor. 

DESCRIPTION OF THE DRAWINGS 

The present invention will be described further by 
way of example with reference to an embodiment 
hereof as illustrated in the accompanying drawings in 
vhich: 
FIG. 1 is a diagram of a simple conventional data 

)rocessor; ‘ 

FIG. 2 is a diagram of a unit used ?ve times in the 
:ircuitry of FIG. 3; and 
FIG. 3 is a diagram of one kind of microprogram 

:ontrol unit according to the present invention. 

EMBODIMENT INTRODUCTION 

For those not so skilled in the art to gain an apprecia 
:ion of the invention, there will now be given a very 
Jrief explanation of a data processor and how it works. 
Those skilled in the art will realize that it is well within 
their skill to apply the invention to their own data pro 
:essors as soon as the control microcode is defined for 

those processors. 
A data processor in its simplest form comprises a 

local store and a main store into each of which data can 
be written and from which data can be read, together 
with an arithmetic and logic unit (ALU) which can 
function to combine and alter data in a selected one of 
a limited number of ways. The basic cycle of operation 
starts in one or both of the stores with the reading of 
one or more items of data called operands which is or 
are supplied to and modi?ed by the ALU, the resultant 
item of data being returned to and written into one or 
other of the stores. In order to speed processing, it is 
usual to incorporate a separate mechanism capable of 
calculating the address of the locations in the stores to 
be accessed without requiring the services of the ALU, 
together with a masking unit with a mechanism for 
selecting part only of an item of data, a holding mecha 
nism for retaining one operand until a second operand 
with which it is to be combined is available and a result 
register for holding the output of the ALU until the 
store into which it is to be written (or sometimes the 
addressing mechanism) is available to receive it. All 
these items are linked together by data paths which are 
controlled by gates providing a general con?guration of 
the kind shown in FIG. I and which forms no part of 
the present invention. 
The operations to be performed are de?ned by in 

structions written into one or other data store and the 
whole processor is controlled by a microprogram con— 
trol unit which examines an instruction and generates 
sequences of sets of signals which travel along a distri 
bution network of conductive paths to the various ele 
ments of the processor, an element only operating 
when it receives an appropriate control signal. Al 
though the microprogram control unit only causes pro 
cessing operations in response to instructions, one of its 
tasks is to cause those instructions to be read from the 
storage locations where they are stored, 
From the above it will be apparent that the various 

elements of a processor do not have the same work 
rate. For example, if the gates are regarded collectively 
as an element, they have a high work rate since any 
?ow of data between two elements requires the open 
ing of at least one gate. On the other hand, the holding 
mechanism has a low work rate since it only has to hold 
an operand while a second operand is produced and 
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4 
when only one operand is required, the holding mecha~ 
nism is not used at all. 
A further point that must be appreciated is that some 

elements require not one but a sequence of control 
signals in order to perform properly, this being particu 
larly true of the data stores. 
Suppose therefore, that the microprogram control 

unit were to generate at any instant a set of signals, 
some being signi?cant (=l) and some being non-sig 
ni?cant (=0), suf?cient to de?ne the entire operating 
state of the elements of the processor, then the majority 
of such signals will be 0. When any change, however 
small, in the spectrum of operating states is required, a 
whole new set of signals will have to be generated and 
still the majority of such signals will be 0. What hap 
pened conventionally was that all possible sets of con 
trol signals that could be required were written as 
words into a store (microprogram store) and were read 
out, one at a time, in an appropriate order, at a rate 
equal to the rate of change of the operating states of the 
elements of the processor. This resulted in a larger 
store having to be provided to store signals which were 
predominantly non-signi?cant even though non-opera 
tion of an element could be achieved just as well by not 
sending it any signal at all. 
The present invention is based on the realization that 

the elements of a processor are operative in groups and 
aims for the condition in which no control signals at all 
are generated for any group that is for the time being 
quiescent. It does this by providing a microprogram 
control unit which contains a number of processor 
function units, ideally one processor functional unit for 
each operating group of elements of the data processor 
to be controlled, arranged to generate control signals 
for that group only. This means that when the group is 
quiescent, so is the associated processor functional unit 
of the microprogram control unit but this also means 
that the microprogram functional units must be inter 
active at least in so far as those units which are active 
must be responsible for rendering active another quies 
cent processor functional units at the appropriate time. 

Further, since for any operating group of elements of 
the data processor, the necessary subsets of control 
signals tend to be organized into short sequences some 
of which are repeated, it is convenient to use for at least 
some of the microprogram processor functional units 
stores which can be either self-addressing or which can 
be caused to respond to external addresses since then a 
repeated sequence need only be stored once. 

THE DETAILED EMBODIMENT 

The microrogram control unit now to be described in 
some detail uses ?ve such stores and so one of those 
stores will be described just in isolation with reference 
to FIG. 2 beft -re the inter-relationship of the live stores 
and the other elements of the microprogram control 
unit is described with reference to FIG. 3. Thus, in 
connection with the store of FIG. 2, three control sig 
nals (X,Y,Z,) for the store itself will be referred to and 
the origin of these control signals will not become ap 
parent without reference to FIG. 3. 
The unit of FIG. 2 comprises a conventional writable, 

non-destructive readout data store having a storage 
matrix 10, an input register 11, an output register 12, 
an address register 13 and an address decoder 14. The 
store responds to control and timing signals (not 
shown) either to write data from input register 11 into, 
or to read data into output register 12 from, a word 
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location in matrix 10 identi?ed by an address in address 
register 13 when gated into address decoder 14. In 
addition to the purely conventional aspects of the store, 
there is provided pre-addressing circuitry and post-out— 
put circuitry. The post-output circuitry comprises AND 
gates 15 enabled by control signals (X,) gating one bit 
position of the output register 12 onto line 17 and the 
remaining bit positions of the output register 12 onto a 
multiple line data path 16 (shown as a single line in 
FIG. 2). The output register 12 is resettable by control 
signals (Yi). Line 17 carries a signal (P,) and branches, 
one branch incorporating an invert circuit 18 and an 
AND gate 19 enabled by (X,-) delayed by dela circuit, 
these combining to produce a single pulse (Isi) each 
time (X,) is present and the bit position of output regis 
ter 12 gated onto line 17 contains a “0". The (P,) and 
(E) signals are fed back to the pre-addressing circuitry. 
The pre-addressing circuitry comprises an address 

input path 20 connected to a pre-address register 21 
resettable by control signal (Y,). The output of register 
21 is gated by gate 22 both to address register 13 and 
back to itself via path 23. Gate 22 is enabled by control 
signals (2, + P,) i.e. either 2, = l or P, = 1. Address 
register 13 is resettable by control signals (Z, + P, + E) 
and also connects via path 24 to an incrementing regis 
ter 25 in turn connected back to address register l3 via 
gate 26 enabled by control signal (Ff). 

Ignoring the entry of data into ‘matrix 10, which is 
conventional, the reading operations of this unit pro 
ceed as follows: 

a. an address on path 20, and (Yi), result in the ad 
dress being entered into pre-address register 21. 

b. (Z, + P,) enables gate 22 to enter this address into 
address register 13 (it being also returned to regis 
ter 21) and a read cycle is initiated causing the read 
word to be entered into and retained in output 
register 12. Also the address from register 13 is 
entered into incrementing register 25 and incre 
mented therein by a ?xed amount. 

c. (X,) will cause the word in output register 12 to 
appear part on line 17 and part on path 16. If line 
17 receives “0", (R) will be generated causing the 
contents of incrementing register 25 to be gated by 
gate 26 into address register 13 and a read cycle to 
be initiated. 
If line 17 received 1, P, will be generated and the 
contents of pre-addressing register 21 will be gated 
by gate 22 into address register 13 causing a read 
cycle to be initiated, the store bit causing line 17 to 
be raised being sometimes referred to as a “P bit" 
when (P,) is generated. 

It follows that for a given address (W) entered on 
path 20 and a sequence (not necessarily at regular time 
intervals) of control signals (X.), the words from loca 
tions W, W+a, W+2a, W+3a . . . will be gated onto path 
16 until a word is gated out which produces a l on line 
17, whereupon the next word gated out will be that 
from location W and the sequence will repeat. When a 
new starting address is to be used, (Yi) also resets out 
put register 12 so that all of the previous read sequenc 
ing is removed from the unit. Thus assuming address 
consecutive locations in matrix 10 contain words hav 
ing one bits gatable onto line 17 from words (W+3a), 
(W+4a), (W+7a), successive (Xi) signals can never 
cause the word at location (Wl + 4a) to be accessed 
since the presence of the I bit the in word at (W1 + 3a) 
will cause, other things being equal, the next (X,) to 
enter the word at (w,) into register 12. To access the 
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6 
word at (W, + 40) a new address (W2) on path 20 will 
be required. In fact, although the ?rst four words 
shown can be accessed in repetitive sequence from 
starting address (W,>) only the ?fth word can be ac 
cessed by address (W2) and address (W3) is required to 
access words in the sixth, seventh and eighth locations. 
It follows that where two such units are connected 
together in such a way that one unit generates the (X ,) 
signals for the other unit, the operation of the second 
unit is determined in part by the last address it received 
on path 20, in part by its own contents, and in part by 
the contents of the ?rst unit. Put pictorially, this means 
that without interactive units the mapping of two inter 
related repetitive sequences of control signal ?elds F, 
and 1} would be typically as follows: 

The ?rst eight pairs of elements is 
the basic combined repetition and the 
map will contain as many multiples of 
this submap as are required. 

Using two interactive units, one for Fl and the other for 
f} with the F,- unit generating (X,-) signals for the 1} 
unit, each unit having its own P bit. we now have 
two maps: 

The foregoing chart also illustrates another require 
ment, namely some means for stopping or breaking out 
of cycling sequences of control signals the arrangement 
described so far will not do so of itself. What is required 
is a testing mechanism. It may be that it is known be 
forehand how many cycles ae required, as in multipli 
cation when the number of cycles is a function of the 
number of bits in an operand, in which case a cycle 
count can be compiled and tested for equality to the 
known number, equality causing breakout. It may be 
that breakout is required when certain states occur in 
the processor to be controlled as for example in divi 
sion when the resultant from the ALU is negative. The 
provision of a suitable testing mechanism can also han 
dle what can be termed “extraordinary events” such as 
a detected error, an externally generated interrupt as 
well as routine processing tests such as “is the selected 
bit 0 or I”. The preferred testing mechanism used in 
the microprogram control unit illustrated in FIG. 3 
comprises a unit of the kind shown in FIG. 2, which 
identi?es the test, coupled to an associative store which 
performs the test receiving information signals from 
appropriate areas of the processor. Associative stores 
are well known in many forms. 
Brie?y therefore the microprogram control unit of 

FIG. 3 comprises five of the units illustrated in FIG. 2, 
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and referenced A, B, C, D and E. Unit A acts as control 
signal generator for the gates of a processor. Unit B 
acts as control signal generator for the stores of the 
processor. Unit C acts as control signal information 
generator for the masking mechanism of the processor. 
Unit D acts as control signal generator for the ALU of 
the processor. Unit E in association with associative 
store F comprises the testing mechanism. The starting 
addresses applied to the preaddressing circuitry of units 
A to E are derived either from a micro-program store 
or from the associative store F. The (X), (Y) and (Z) 
control signals for the units A to E are generated within 
the microprogram control unit itself. 
The convention is used in FIG. 3 that, for unit A to E, 

the addresses for address input path 20 are shown sup 
plied to the left-hand side of the unit, the control sig 
nals (X), (Y), and (Z) are shown supplied to the top of 
the unit and the output ?elds are shown leaving the 
right-hand side of the unit. 
Turning now to the microprogram control unit illus 

trated diagrammatically in FIG. 3 it will be seen that it 
comprises a conventional microprogram store M, a 
clock T, ?ve units of the kind illustrated in FIG. 2, and 
referenced A, B, C, D and E, an associative store F and 
a notional interface J, the processor R to be controlled 
being understood as lying to the right-hand side of the 
interface I in FIG. 3. To simplify the description and 
understanding of the microprogram control unit, sig 
nals will be referred to according to the following triple 
Cypher, the line or path for flow of such signal also 
being referenced by the same cypher: 

SOURCE TYPE DESTINATION 

Where the source is either R (the processor), M, A, 
B, C, D, E, F, or T; the type is either Q (timing), W 
(address), V (control), X, Y or Z; the destination is 
either R, M, A, B, C, D, E or F. Thus FWM is an ad 
dress supplied by associative store F to microprogram 
store M. Search ?elds for the associative store F are 
regarded as addresses W. Where a path is common to a 
number of signals, it will not be referenced. Each unit 
produces P and I5 signals which are regarded as being 
internal to the respective units and are not especially 
shown in FIG. 3. 
The microprogram unit produces an output word 

(MWA, MWB, MWC, MWD, MWE) and has its own 
timing mechanism about which more will be said later. 
Unit A produces an output word (AVA, AVM, AVR, 
AXB, AYB, AXC, AYC, AXD, AYD, AXE, AYE). 
Unit 8 produces an output word (BVR), as do unit C 
(CVR), unit D (DVR) and unit E (EWF). Associative 
store F produces an output word (FVR, FWM, FWA, 
FYA, FYB, FYC, FYD, FYE, FVA). Signals RWM and 
RWF are derived from the interface J and Signals 
AVR, BVR, CVR, DVR and FVR are passed to the 
interface. The clock T produces outputs (TQM, TOA, 
TOP). 
The timing mechanism of microprogram store M is 

free running for one complete cycle once initiated by 
control logic 100 which passes TQM from AVM = 1 
until a signal MVM = l, MVM being derived from the 
timing mechanism at the end of each read cycle of the 
microprogram store. 
Suppose TOM presents itself at times rotltztst, and so 

on regularly from AVM = l until MVM = l and sup 
pose it takes two time intervals to settle a new address 
in the address mechansim of the store M, four time 
intervals to decode such address, six time intervals for 
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8 
the store to pass the contents of the location identi?ed 
by the decoded address to the output of store M, two 
time intervals for such output to reach units A to E and 
one time interval for the appropriate registers 21 of the 
units (see FIG. 2) to react. The timing cycle of the 
timing mechanism of the store M will be as follows 
AVM = l to de?ne time to: 

TIME FUNCTION SIGNAL 

to enter new address internal control signal 
I _ 

t; internal control signal 
{I _ 

t: decode address — 
{I _ 

I: internal control signal 
[7 — 

t, access address — 
L" __ 

:m — 
ll; gate output internal control signal MYA 
tl? MVA 
‘I! MZA, MZB, MZC, MZD, MZE 
t", MVM 

The timing mechanism of the store M establishes a 
single function cycle and when completed switches 
itself off (tn, = MVM), after it has started up units A 
through E (T12 = MVA, [,3 = MVA, TH = MZA, MZB, 
MZC, MZD, MZE). Logic 101 gates TQA to unit A as 
TXA in the presence of MVA or if either the last AVA 
= l or ifFVA= 1. 
To understand the operation of the microprogram 

control unit, consider a starting conditions in which 
elements A, B, C, D, E, F and M are loaded, RWM 
exists at the interface, I, registers 21 and 12 of units B, 
C, D, E are empty and register 12 of unit A contains 
AVM = l and zeros otherwise. The next occurring 
TXA (TQA gated by logic 101) causes logic 100 to 
pass TQM to store M initiating a read cycle of store M 
to access the word W(RWM) at the location corre 
sponding to RWM and, since AVA = 0, logic 101 inhib 
its TXA (TQA degated) causing unit A to become 
quiescent. When the word at RWM is available at the 
output of store M, the timing mechanism of store M 
generates MYA clearing register 21 of unit A. 
W(RWM) = (MWA, MWB, MWC, MWD, MWE) is 
gated by the timing mechanism into respective registers 
21 of units A, B, C, D and E and MVA, MZA, MZB, 
MZC, MZD and MZE are generated by the timing 
mechanism initiating read cycles of units A, B, C, D 
and E to place words W(MZA), W(MZB), W(MZC), 
W(MZD) and W(MZE) in register 12 of units A, B, C, 
D and E. Unit A cycles because MVA gates TQA to 
unit A. When W(MZA) is in register 12 of unit A the 
next TXA (TQA gated by logic 101) will gate 
W(MZA) = (AVA, AVM, AVR, AXB, AYB, AXC, 
AYC, AXD, AYD, AXE, AYE) and will generally be 
of the form (1.0, nnnnnnnn,n,0,n,0, n,O,n,0) where n is 
either 1 or 0. AVR is stated to be an eight bit ?eld 
(nrmnnnnn) but this ?eld will be of a length appropri 
ate to its function to be described later. The operations 
following depend on the valves of the n terms. Where n 
= 1 there will be action where n = 0 there will be no 
action. For example if AXB = l and AXC = O, 
W(MZB) will be gated and unit B will cycle once in a 
manner depending on the value of the P bit in W(MZB) 
while unit C will remain exactly as it was. Unit A will 
cycle since AVA = I and in due time gate out W(MZA 
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+ a) causing further operations to be performed. After 
normally many cycles of unit A, a word will be gated 
out of register l2 of unit A of the form 
(1 ,0,rmnnnnnn,0,l ,O,l ,0,l,0,l) resetting the control 
unit to the starting state safe for unit A which cycles 
once more to enter the word 
(0,1.nnnnrmnn,0,0,0,0,0,0,0,0) into register 12 of unit 
A. 
The above operations can be interrupted by prede 

termined sets of signals (RWF, EWF) which ?nd a 
match in associative store F producing an output 
(FVR, FWM, FWA), FYA, FYB, FYC, FYD, FYE, 
FVA) of the form (nnnnnnnmnrmnnnnn, 
nnnrmnrm,l ,l,l,l,l,l) where the path for FVA incor 
porates a delay long enough for FYA to clear register 
12 of unit A. Here again the ?eld sizes of FVR and 
FWM are shown as eight bits but are in act as long as 
they need to be and W( FWA) 
(0,l,0O000000,0,0,0,0,0,0,0,0). There may be entries 
in associative store F which will match with 
(RWF,EWF) when EWF = 0. 
When connected to a conventional processor, RWM 

is generated by the OP CODE decoder of the processor 
from that position of the instruction to be executed 
which defines the operation to be performed while 
RWF is generated by the various over?ow, underflow 
and error latches distributed throughout the processor 
as well as by the processor registerholding what can be 
referred to as “System status" or a statement of the 
current operating possibilities such as which interrupts 
may interrupt the current program being executed as 
well as to selected points in the data flow. AVR is con 
nected to the gates throughout the processor. BVR is 
connected to the storage of the processor. CVR is con 
nected to the masking (or part data ?ow selection) 
mechanism of the processor. DVR is connected to the 
arithmetic and logic circuitry (ALU) of the processor. 
It follows that the length of the AVR ?eld is determined 
by the number of separately operable gates in the pro 
cessor, one bit per gate. If two or more gates are always 
opened or closed together, they only need one control 
ling bit. Thus AVR controls the data flow throughout 
the processor but has nothing to do with the data which 
?ows, how much of the ?owing data is signi?cant nor 
how such data is to be manipulated. Similar criteria 
obviously apply to BVR, CRV and DVR. FVR is used 
for testing purposes and the length of the FVR ?eld is 
related to the number of tests to be performed. 
The data loaded into stores M and F and units A to E 

depends on the instuction set of the processor. Since 
incrementing register 25 is normally set to generate the 
“next" address, sequentialy needed words are entered 
into sequentially adjacent locations. Units A, B, C, D 
and E are capable of looping, as has aleady been de 
scribed, so that any of these units that is needed a num 
ber of times consecutively in any one operation need 
only be loaded once. Since each unit controls only one 
kind of function, its entries can be limited to the per 
mutations and combinations involved in that function 
alone. Since MWA, MWB, MWC, MWD and MWE 
can all be different, functionally aligned sequences in 
units A to E need not be aligned by address. Since units 
B to B only provide an output when gated by AXE, 
AXC, AXD or AXE there is no need to fill them with 
the blank entries to preserve synchronism. 
Since there is no hardware decoder to expand the 

signal array between the control unit and the processor, 
the instruction set can be changed at will be entering 
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10 
fresh data in stores M and F and units A to E provided 
always that the storage accommodation of each is large 
enough. 
To illustrate some of these points consider the Sys 

tem 360 Standard Instruction Set now well known for 
many years and set out, for example, in document IBM 
X20-l703-5 (lBM being a Registered Trade Mark). 
There is provision made for 256 instructions though 
not all of the theoretically possible instructions are 
used. Suppose the average number of sequential opera 
tions for execution of each instruction was 20 and sup 
pose only 40 control lines (equivalent to AVR = BVR 
= CVR = DVR = FVR = 8) are required. To provide a 
microprogram store of no sophistication whatsoever to 
handle this instruction set would require 256X20X40 
bit storage positions arranged as 5 l 20 words of 40 bits 
per word. Consider now the ?rst instruction given 
namely (1A) ADD. The instruction provides three 
items, an OP CODE =(1A), a ?rst register identi?er RI 
and a second register identi?er R2. The manner of 
executing this instruction is generally as follows: 
a. decode (1A) and enter the microprogram store at 

the corresponding position. Then under control of 
the microprogram store passing from entry to se 
quential entry, proceed as follows: 

b. obtain (R,) from the instruction register 
c. enter that part of storage containing the registers and 
read the word in the register identi?ed by (R,) 

d. cause word (R,) to flow to hold register 
e. obtain (R2) from the instruction register 
f. enter that part of storage containing the registers and 

read the word in the register identified by (R2) 
g. cause word (R2) to flow to the ALU and release word 
(R,) from the hold register and caue it to flow to the 
ALU 

h. actuate the ALU to ADD 
i. obtain (R.) from the instruction register 
j. enter that part of the storage containing the registers 
and access the register identi?ed by (R,) and release 
the output of the ALU and cause it to ?ow to and be 
written into register (R,) 

k. access the location holding the location in storage of 
the instruction just executed 

1. cause this loction identi?er to pass the ALU 
m. actuate the ALU to increment this location identi 
?er by a ?xed amount 

n. cause the output of the ALU to ?ow back to the 
location accessed in step (K) 

o. obtain the location identi?er from the location of 
step (n) and access the identi?er location in storage 

p. cause the output of the storage to flow to the instruc 
tion register 

q. cause the OP CODE part of the instruction register 
to be gated to the OP CODE decoder. 
Assume the 17 stated steps (a) and (q) each repre 

sent one entry in the microprogram store, this repre 
senting 17 X 40 bit positions. Of these, the ?eld corre 
sponding to DVR is empty save for steps (h) and (m) 
providing 15 X 8 enforced empty bit positions. The 
?eld corresponding to BVR is empty save for steps (c), 
(f), (j) and (o) if the current instruction identifier loca 
tion is not in storage or steps (c), (f), (j), (k), (n), (o) 
and (p) if it is, these representing l3 X 8 or l0 X 8 
enforced idle bit positions respectively. Further steps 
(k) to (q) and (a) have really nothing to do with in 
structions (1A) but occur at the end of the execution of 
each instruction since they represent the obtaining of 
the next instruction. From just this crude analysis of 
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'hat is nearly the simplest instruction possible, it will 
e apparent that the proposal of the present invention 
resents a considerable saving. To start with there will 
e just one set of entries for steps (k) to (q) and not 
56 repetitions of the set, the starts of the entries in 
ach unit being determined by just one word in micro 
rogram store M. This sequence will be entered into via 
test determined by MWE and consequentially by 

ZWF. Unit D contains just one entry DVR relating to 
to actual execution of this instruction and MWD 
oints to this entry. CVR is not required and this con 
ains no entry. BVR is required for steps (c), (f), (j) 
nd will contain three entries, the entryv for step (c) 
-eing pointed to by MWB. Unit A will contain 10 
ntries (Steps (b) to (j) and a linking step); MWA 
iointing to the entry corresponding to step (b). 

12 
Considering the iterative section of (1C) alone, it 

starts at a situation at which both operands have been 
obtained and are located in registers of the processor 
and uses four registers R,, R2, R3, and R4. 
The steps involved are, in broad terms: 

a. gate the muliplier (R;) 
b. select its highest bit 
c. test its highest bit 
d. gate R, and gate R2 (containing multiplicand) if test 

e. shift and ADD , 

f. enter result into R, 
g. gate multiplier from R;, 
h. shift multiplier spilling highest bit 
i. return shifted multiplier to R; 
j. gate count from R‘ 

NA AVM AVR AXB AYB AXC AYC AXD AYD AXE AYE STEP 

1 t) nnnnnnnn () U 0 0 O 0 0 0 b 
l [l nnnnnnnn l t) 0 0 0 0 0 O c 
l U nnnnnnnn O U 0 U 0 0 0 0 d 
l 0 nnnnnnnn 0 0 0 0 O 0 U 0 e 
l 0 nnnnnnnn l l) 0 0 0 0 0 0 f 
| () nnnnnnnn U 0 0 t) 0 0 0 0 g 
l () 00000000 0 t) t) l) l 0 0 0 h 
l 0 nnnnnnnn U 0 0 0 0 0 0 0 i 
l U nnnnnnnn l t) (J 0 0 (J 0 l) j 
| (l nnnnnnnn (l t) 0 0 O 0 l 0 k 

30 k. ADD 1 to count 
\ssume MWA = MWB = MWC = MWD = MWE = 

\VR = BVR = CVR = DVR =EWF = RWF = RWM = 

TWM = FVR = 8 

t follows that the total bit positions requires to control 
he execution of steps (b) to (k) ((k) being the link) is 

Store M 5 X 8 = 40 
Unit A IU X 18 = 180 
Unit B 3 X 8 = 24 
Unit C t) X 8 = 0 
Unit E l X 8 = 8 
Store I" m X 32 = 32 m 

252 :F 32 m 

It is really not fair to include the contribution from 
itore F because these 32 m bit positions are common 
0 all instructions. Thus a truer theoretical ?gure is 

32 
256 

vhere m is the number of different values of RWF that 
nust be considered. If the associative store F were of 
he kind which could provide selected universal 
‘match" elements the value of m could be greatly re 
luced. The worst value ofm for RWF = (nmmnnnn) is 
E" = 256, given a worst theoretical value for “total” 
182 as opposed to 9 X 40 = 360 for the basic conven 
ional form of the microprogram store. However, bear 
n mind that instruction (IA) is one of the simplest 
nstructions to execute. Consider multiply (instruction 
lC) or move (instruction D2) both of which incorpo 
ate iterative looping, the number of iterations in the 
:ase of (1C) being equal to the possible number of bits 
n the multiplier operand and, in the case of D2, equal 
0 the actual number of words to be moved and there 
'ore, within reason. unlimited. 
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45 
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I. return count to R4 
m. gate count 
11. test count, if count = 32 (for a 32 bit multiplier) stop 

iteration. 
In the control unit of FIG. 3 this iteration requires 

one word in the microprogram store, 14 words in Unit 
A, no words in Unit B if R,, R2, R3 and R4 ca be gated 
directly as will be the case for most processors, one 
word in the Unit C (step b), two words in Unit D (steps 
(e) and (d)) two words in Unit E (steps (c) and (h)) 
and two words in associative store F. 
The store F words are accessed or matched in steps 

(c) and (n) respectively and the resulting outputs are 
used in steps (d) and (n + 1) respectively, gating R2 in 
step (d) and reaccessing store M in steps (n + 1) when 
the results of the respective tests so indicate. A basic 
microprogram store would require 32 = l4 words in 
stead of the speci?ed 22 words. A better comparison 
would be with the kind of microprogram store which 
generates its own next address from its own contents 
i.e., one which has a branch on condition facility. Such 
a store might only need l4 entries but now each entry 
would comprise (40 = L) bits, where L bits are re 
quired for int-"mal addressing. In this case the compari 
son is betwee‘i 14 X (40 + L) bits and (40 + l4><l8 + 
0X8 + 1X8 + 2X8 + 2X32) = l4><28 + 4 or a saving of 
(12 +L) X 14-4bits. 

In all, for such an instruction, three words will be 
required in store M, one controlling the operation up to 
the start of the iteration, one controlling the iteration 
and one controlling the operation after the iteration up 
to the time when the linking operation which is used 
between each instruction execution in invoked. 
The typical move instruction provides a count and 

two storage addresses and causes words from succes 
sive storage locations starting at one given address to 
be moved to successive storage locations starting at the 
other given address, the number of words being moved 
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being equal to the count, one word at a time being 
moved. It will be apparent that such an operation is 
conveniently handled by a control unit of the kind 
shown in FIG. 3. 
Such a control unit can be given greater power at 

little extra cost by adding further units and further 
splitting functions. Take Unit B for example, which 
controls the accessing of storage. This operation in 
volves two separate matters, controlling the functions 
of the storage as a piece of hardware and pointing to 
the actual location in storage that is to be accessed. 
Controlling storage for a standard processor having two 
stores involves four routines, READ and WRITE for 
each store. in some cases the address pointing at the 
location to be accessed comes directly from the control 
unit and in other cases comes from a location identi?ed 
by the control unit. Thus, providing two units Bl and 
B2, one controlling READ and WRITE for each store, 
and the other providing the corresponding addresses 
either directly or indirectly, will either decrease the 
number of entries needed for a standard instruction set, 
or enable a more complex instruction set to be handled 
for the same number of entries. It is thought that only 
units B, C, and D can be advantageously subdivided. 
Hence, the microprogram control unit of this inven 

tion may be looked upon as having a tree organization, 
in which unit M is the apex of the tree and units A, B, 
C, D and E are vertices which are son nodes of the 
parent apex M. Unit F is a son vertex of node E. Fur 
ther, subdivisions of any unit will provide son nodes of 
that unit. 
Another facility that can be incorporated is to enable 

such a control unit to handle two instruction sets by 
melding signals identifying the program from which the 
current instruction comes and hence the instruction set 
being handled with MWA, MWB, MWC, MWD and 
MWE. 
For example, if the melding results in the high order 

bits of the actual address used being derived from the 
program identifying signals, then the control signal 
?elds for one instruction set will be stored in the low 
order half of each unit and the control signal ?elds for 
the other instruction set will be stored in the high order 
half of each unit. 
To summarize, the present invention provides a mi 

croprogram control unit which is effectively an interac 
tive processor in that it incorporates units which are in 
part self-controlling and in part controlled by other 
similar units at least in so far as the generation of a 
sequence of outputs therefrom is temporarily suspend 
able in response to the nature of the output from an 
other unit.. A microprogram store is provided but it 
does not produce control signals for the processor to be 
controlled thereby. it merely establishes entry points 
into the operation of the several units of the processor 
or, in other words, acts as the microprogram store of 
the processor. Each unit of the processor has control of 
a particular function and generates the control signals 
for that function directly, no hardward decoder being 
interposed between the unit and the processor ele 
ments controlled thereby. The criteria of a function 
suitable for isolation and for handling by its own unit 
are: 

i. Does the function have a cycle of operation which 
repeats during the execution of a given instruction, or 
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14 
ii. Does the function have cycles of operation which are 
common to the execution of a number of instruc 
tions, or 

iii. ls the function one which is required only from time 
to time, but when it is required, calls for an apprecia 
ble number of control signals to be generated? 
While the invention has been particularly shown and 

described with reference to a preferred embodiment 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and detail 
may be made therein without departing from the spirit 
and scope of the invention. 
What is claimed is: 
l. A microprogram control unit for controlling a 

system containing a processor, comprising 
a microprogram store, 
a plurality of microprogram auxiliary units, auxiliary 

selecting means connecting the auxiliary units to 
the microprogram store for selecting an auxiliary 
unit under control of the microprogram store to 
issue and process microinstruction signals con~ 
tained in the auxiliary unit to thereby generate 
system control signals for a microprogram control 
interface to the system, 

groups of processing elements organized by function 
in the system, 

each auxiliary unit producing signals related to a 
particular group of processing elements and for 
initiating one or more other connecting auxiliary 
units to initiate the cycling of the connected auxil 
iary unit, and 

means connecting the auxiliary units together in the 
microprogram control unit and to an associated 
one of the groups of processing elements for in 
teractively initiating other auxiliary units for con 
trolling the groups of processing elements. 

2. A microprogram control unit as claimed in claim 
8, in which 
means for coupling two of the auxiliary units together 

for accessing of an associated auxiliary unit to reset 
the two auxiliary units. 

3. A microprogram control unit as claimed in claim 
1, further comprising, 
means for melding microinstructions from an asso 

ciated microprogram auxiliary unit with processor 
instruction set identifying signals derived from the 
processor actuation of the microprogram control 
unit. 

4. A microprogram control unit as claimed in claim 
1, further including 
an associative store adapted to receive search ?elds 
from both the processor controlled by the micro 
program control unit and from at least one of the 
auxiliary units for generating control signals effec 
tive to access the microprogram store to control an 
initiation of another of the auxiliary units to pro 
duce system control signals. 

5. A microprogram control unit as claimed in claim 
1, in which the auxiliary units further comprise 
self-addressing non-destructive read out data stores, 
means for accessing the data stores in response to a 
microinstruction currently being execute in the 
microprogram store to produce an output when an 
external control signal is applied to the micropro~ 
gram store, 

and means for deriving such external control signal 
from at least one group of the processing elements 
under actuation of signals from one of the auxiliary 
units. 

* * * * * 


